The nonlinear optical properties of the laser dye Oxazine doped with polystyrene (OX /PS), Ox/poly methylmethacrylate (PMMA) and Ox/PS-PMMA blend films have been studded. The films deposited by free-casting technique and characterized by Z-scan technique .Z-scan experiment was performed using continuous wave (CW) diode laser at 650 nm at in two parts. The first part was done using a closed-aperture placed in front of the detector to measure the nonlinear refractive index ,with the second part; the aperture in front the detector was removed (open aperture) to measure the nonlinear absorption coefficient. The open-aperture curve exhibits a normalized transmittance (valley), indicating the presence of induced absorption. The observed nonlinearity is found to be of the third order, as it fits to two photon absorption process (TPA). The closed-aperture curve exhibits a peak to valley shape, indicating a negative value of the nonlinear refractive index n2. The effective values of the nonlinear refractive index n2, the nonlinear absorption coefficient β2, real and imaginary parts of the third-order optical nonlinearity, χ (3) for Ox/PMMA-PS films comparatively with that of Ox/PMMA and Ox/PS has much lower transmittance value obtained shows that these films can be used as efficient optical limiters.
Introduction
Nonlinear optical materials are required in a wide range of important applications, such as optical limiting, optical computing, and optical communication. [1] . With growing advancement in the technological field of photincs and bio-photincs, the search for organic materials exhibiting large nonlinear optical (NLO) properties and having applications in low power nonlinear optical devices has picked-up. Organic dyes are the most attractive optical materials for studying nonlinear optical properties for the point of view understanding their photo-physics and impending applications [2] . Dye chromophores are a class of organic molecules with multiple π-conjugated bonds, which can exhibit large optical nonlinearities and fast response time, as a result of the ease of polarization of their extended mobile π -electron clouds over large molecular distances. Strong absorption of dyes in the visible region makes them particularly suited for nonlinear optical investigations. It has also been shown that embedding dye chromophores in suitable host matrices enhances the lifetime and stability of the dyes entrapped within it [3] .
The use of a synthetic polymer host presents advantages as these materials show much better compatibility with organic laser dyes and are amenable to inexpensive fabrication techniques. These polymers provide an opportunity for the production of active elements that can effectively control the characteristics of laser radiation. [4] . Polymer blends have become very important subject for scientific investigation in recent years because of their growing commercial acceptance, and they can possess unusual combinations of properties [5, 6] . Copolymerization and blending are alternative routes for modifications of properties of polymers. Blending is the less expensive method, but polymer blends have been successfully used in an increasing number of applications in recent years. Such success encourages more attempts to apply this technique to a wider range of problems in polymer related industries [6] . The design of polymer blends constitutes an interesting alternative to obtaining micro-and nanostructured surfaces. The cost is reasonable and it is free from time-consuming procedures. Blending of polymers can yield materials with unprecedented properties that cannot be provided otherwise by using a single polymer. [7, 8] . Polystyrene-an amorphous, optically clear thermoplastic material, which is flexible as thin films, is chosen as the host matrix because of its ideal properties for investigating the optical properties of the Ox/PS films. Polystyrene (PS) is in solid (glassy) state at room temperature but flows if heated above its glass transition temperature and becomes solid again when cooled [9] . Polymethylmethacrylate is an amorphous thermoplastic that can be delivered as clear as glass. The material is more known as "Plexiglass". PMMA is produced by the addition polymerization of methylmethacrylate. The polymer has very good optical properties but has poor scratch resistance. It has good dimensional stability due to rigid polymer chains. It has good weather resistance, and is stable to acid and alkalis. It is attacked by several organic solvents, and has good impact strength higher than that of glass or polystyrene. It has the best transparency and optical properties of commercially available thermoplastic. It is colorless with a 92% light transmission, an index of refraction of 1.49. It comes in a full range of transparencies [9] .
The basic absorption processes in dyes can be divided into linear and nonlinear absorption. Nonlinear optics is a material phenomenon in which intense light induces a nonlinear response in the medium, and in return the medium modifies the optical fields in a nonlinear way. In fact, all media are nonlinear to a certain degree [10] .
A nonlinear absorber of light has the unique property that its optical absorption can be altered by introducing changes in the intensity of radiation incident upon it. [11, 12] .
Z scan technique is a simple, sensitive and popular experimental method to measure nonlinear optical prosperities (NLO) of materials. There were two parts of the Z-scan: closed aperture and open aperture. Closed aperture Z-scan helps to measure the sign and magnitude of real part of third order (NLO) and nonlinear refractive index (n2) .Open aperture Z-scan either two types: saturable absorption (SA) and reverse saturable absorption (RSA) depending on the pump intensity and on the absorption cross section at the excitation wavelength [11] . Open aperture Z-scan helps to measure the nonlinear absorption coefficient ß2 and the imagenary part of of third order (NLO) [9] .
In the present work, the samples films of oxazine be solved in Tetrahydrofloran (THF) and the host matrix used are PMMA, PS and the blend of the two polymers, PS and PMMA have been synthesized and their linear and nonlinear optical properties, investigated. Both of these polymers are highly transparent and environmentally stable and proven to be excellent for forming doped films with Oxazine with high nonlinear proprieties.
There are no detailed studies on the nonlinear optical characterization of dye/polymer bleding films. The work presented in this paper is an attempt to investigate in detail the nonlinear optical properties of the free casting Ox/PS-PMMA films and see how the choice of the polymer blend is influencing the linear and nonlinear optical characteristics. The results obtained are compared with those of the Ox/PS and Ox/PMMA composite films.
2-Theory 2-1 Closed -Aperture Z-Scan:
The standard "closed aperture" Z-scan (i.e. aperture is placed in the far field) for determining nonlinear refraction is shown in Fig.(1) , where the sample is moved along the propagation direction z while keeping the input pulse energy fixed. The normalized transmittance of the sample through the aperture is monitored in the far field as a function of the position Z. Intensity dependent on the refractive index causes the beam radius of the transmitted beam to change while retaining the Gaussian profile. The size of the aperture is signified by its transmittance (S), in the linear regime. In most reported experiments, 0.1<S<0.5 has been used for determining nonlinear refraction. [14] .
The Z-scan technique is based on the transformation of phase distortions to amplitude distortions during beam propagation. A qualitative physical argument that explains the transmittance variations in the Z-scan experiment can be given as follows: Starting the scan from a distance far away from the focus (negative z), the beam irradiance is low and negligible nonlinear refraction occurs leading to linear transmittance. As the sample is brought closer to the focus, the beam irradiance increases leading to self-lensing in the sample. A negative self-lensing (self-defocusing) prior to focus tends to collimate the beam and reduce the diffraction leading to a smaller beam at the aperture and an increased transmittance. As the scan continues and the sample crosses the focal plane to the right (positive z), the same self-defocusing effect will tend to augment diffraction and reduce the aperture transmittance. A prefocal transmittance maximum (peak) and a post focal transmittance minimum (valley) will be, the zscan signature of a negative nonlinearity as shown by the dote line Fig.(2) , while a positive one, following the same analogy, will give rise to an opposite valley-peak configuration, as shown by Solid line Fig.(2) . [15] . 
2-2 Self Focusing and Defocusing:
Self-focusing (or Kerr-Lansing) is a consequence of the non-uniform spatial profile of the laser Gaussian beam. If the intensity of a transmitted light beam is sufficiently high, the refractive index change will modify the light propagation not only with respect to the polarization but in its geometrical properties too [16] .
For a Gaussian beam of radius ωo (beam waist) the Kerr-lens focal length is: Where L is the thickness of the nonlinear medium (sample), (I) is the irradiance and (a) is a correction term.
When n2 is negative, the above equation shows there will be a negative focal length and thus self de-focusing of the incident beam [14] .
The variation in refractive index will produce a phase shift in the pulse, leading to a change of the pulse's frequency spectrum. A pulse (top curve, Fig. (3) ) propagating through a nonlinear medium undergoes a selffrequency shift (bottom curve) due to selfphase modulation. The front of the pulse is shifted to lower frequencies, the back of the pulse to higher frequencies. In the centre of the pulse the frequency shifted is approximately linear [17, 18] .
If the intensity of a transmitted light beam is sufficiently high almost every material, gases, liquids or solids, will show a nonlinear interaction. Thus the refractive index will be changed as:
Where Kkerr is Kerr constant, λ inc.: incident wave length, E inc. the incident electric field, Eext is the external electric field, if the nonlinear range of the electric field or intensity is reached. In particular, if light beams with transverse intensity profile, as Gaussian beams, are applied this refractive index change will be different over the cross-section of the beams [14] .
As a consequence for high-intensity beams with long interaction lengths in the matter selffocusing can occur and for short interaction lengths self-defocusing may be obtained [14] .
We define the change in transmittance between the peak and valley in a Z-scan as: 
2-3 Open Aperture Z-Scan:
An open-aperture Z-Scan measures the change in intensity of a beam, focused by lens l in Fig.(3) , in the far field at detector PD, which captures the entire beam, and gives the estimate of the absorptive nonlinearity of a sample [20] . The change in intensity is caused by multi-photon absorption in the sample as it travels through the beam waist. In the focal plane where the intensity is greatest, the largest nonlinear absorption is observed. At the "tails" of the Z-scan signature, where |Z| >> Zo, the beam intensity is too weak to elicit nonlinear effects. The higher order of multi-photon absorption present in the measurement depends on the wavelength of light and the energy levels of the sample [19] . The absorptive nonlinearity can be due to either (i) saturable absorption (SA), in which the absorption coefficient decreases resulting in the transmittance increase with increase in the input laser intensity, and (ii) reverse saturable absorption (RSA), in which the absorption coefficient increases resulting in the transmittance decrease with increase in the input laser intensity [16] . The normalized change in transmitted intensity can be approximated by the following equation, [ ] according to the following: [21] Re χ (3) 
. (15)
Where ɛ0 is the vacuum permittivity and c is the light velocity in vacuum. [22] The absolute value of the third-order nonlinear optical susceptibility is given by the relation:
... (16)

Experimental Section:
Oxazine is from xanthene family with fluorescence emission in the yellow -red region of the electromagnetic spectrum are well known for their excellent laser performance in liquid solutions as well as in solid matrices [23] , Fig.(4) Shows its molecular structure. Polymethylmethacrylate (PMMA) and Polystyrene (PS) are from ICI Company, were reported to have molecular weights of 145,000 and 167,000 g・mol −1 , respectively. Tetrahydrofloran (THF): from (BDH) laboratory reagents (BDH Chemicals Ltd Poole England). Moreover, Oxazine obtained from Lambdacxhrome. Laser Dye Oxazine was used in this study without further purification.
The thicknesses of the films were measured with an electrical device (Minitest 3000 microprocessor coating thickness) from electro, phyisk, Germany (ERICHSEN). The films had thickness of (1.72-1.87 µm. Visible Shimadzu spectrophotometer (UV 160), which operates in wavelength range of 200 nm to 1100 nm and with scanning speed of 1500(nm/min), carried out UV-Visible spectroscopy measurements. The Z-scan experiments were performed using 650 nm CW diode laser, (max.power is 50 mW, Ac: 220-240 volt, Frequency: 50-60 Hz 250mA.beam diameter: 1.5 mm, beam divergent1.5 mrad, which was focused by 10 cm focal length lens. The laser beam waist ωo at the focus is measured to be 0.015 mm and the Rayleigh length Z0to be 0.92 cm.
Samples preparation
Oxazine solution of concentrations (10 -5 ) M in THF is prepared by weighting amount of the material by using a matter balance having a sensitivity of 10 -4 gm. PMMA, PS, and Ox had been dissolved in THF separately. Ox was added to the two homopolymers and also their blend (PS/PMMA 50/50). The doping ratio was 1:2 dyes to the polymer.
Dye doped polymer films were fabricated by the free casting technique (FC). The free casting (FC), involves casting a polymer solution in a flat bottomed glass cup (Petri dish) without imposing hydrodynamic stress on the liquid. The dishes were arranged on a glass plate in order the dishes have a plan situation, and then the dishes were covered with a heavy paper box to be protect from light and dust. Solvent is allowed to evaporate under ambient conditions (30 cº) until the films hardens. The harden films were then removed from the Petri dish by washing it off with distilled water and placed in the oven (50 cº) for 10 minutes to dry .
Results and Discussion
UV-Visible absorption spectra of the laser dye Oxazine and its doped polymer films were carried out by using (UV/Vis SP -3000, plus, 2003) Spectrophotometer Optima/Japan, which operates in wavelength range of 190-1100 nm [24] . For the Ox. /PMMA-PS composite films exhibit excellent UV absorption window of about 200 nm width. Furthermore, the absorption peak wavelength of the PMMA-PS films is substantially blue shifted relative to that of Ox./PMMA-PS films (~ 350 nm) due to the strong confinement effect [25] . The presence of Oxazine, thus, enhances the UV absorption of the composite films and modifies the overall optical behaviour of polymer blend films [26] .
Also, it can be seen that the absorption peak value for Ox. / PMMA was greater than that in Ox./PMMA-PS 50/50), which were also greater than that in Ox./PS, for the same concentrations of the doped dye.
Nonlinear optical properties (the third-order nonlinear refractive index n2 and the nonlinear absorption coefficient β, third order susceptibility (3) of Oxazine doped films with PMMA, PS and their blend were investigated by Z-scan technique by using cw diode laser with 650 nm and incident intensity I0= 509.6 W/cm 2 . Fig.(5) shows the typical open aperture Z-scan profiles of the films. When the sample is away from the focus Z=0, the incident laser intensity is low and linear so it is normalized to unity .When it moves close to the focus, the OA Z-scans exhibits a reduction in the transmission which is symmetric about the focus Z=0. This is typical of an intensity dependent enhanced absorption termed reverse saturable absorption (RSA) or positive nonlinear absorption exhibited by a nonlinear material and can be exploited for protection of eyes and sensors against radiation induced damage. The observed nonlinearity is found to be of the third order, as it fits to a two photon absorption process (TPA) . From the open aperture Z-scan curve it is found that, the ox/PS-PMMA films do exhibit large induced absorption behaviour. The observed dip in the open aperture curve shows the transmittance limiting efficiency of the films. The transmittance minimum obtained for Ox/PS film is about 0.192, Ox/PMMA film is about 0.089 and the curve of Ox/PS-PMMA films show a better fit to the theoretical equations for TPA, and the' transmittance minimum is about 0.026, which highlights the better optical limiting efficiency of the latter compared to the former ones. The calculated nonlinear parameters are given in Table ( Closed aperture Z-scan profile (The defocusing effect) of Oxazine doped films in PMMA, PS and their blend for Io=509.6 GW/cm 2 are shown in Fig.(8) . Fig (8) indicates to negative refractive index is attributed to a thermal nonlinearity resulting from the absorption of radiation at 650 nm. Analogy to the theoretical behavior of the dotted line in Fig.(2) . Refractive index for the three films (Ox /PMMA ,Ox /PS, Ox PMMA-PS).
The experimentally determined values of Tp-v, n0,n2, Δфo and Rχ3 are given in Table ( 2). The experimentally determined values of β, Im χ 3 , χ 3 are given in Table (1) . Table ( 2) shows that Ox./PMMA-PS film has the highest nonlinear parameter compared with Ox./PMMA and Ox./PS film. With cw pumping we expect major contribution to the observed third-order nonlinearities to be thermal in nature. The energy from the focused laser beam is transferred to sample through linear absorption and is manifested in terms of heating the medium leading to a temperature gradient and there by the refractive index change across the sample which then acts as a lens. The phase of the propagating beam will be distorted due to the presence of this thermal lens. The peak-valley separation of more than 1.7 times the Rayleigh range of ~ 10.8 mm also suggests the presence of thermal component in our case. It is well established that a separation of ~ 1.7z0 indicates Kerr-type of nonlinearity [7] . The observed higher nonlinear susceptibility of Ox/PS-PMMA films measured by the Z-scan technique, compared to both Ox/PS and Ox/PMMA films, establishes the fact that the Ox/PS-PMMA films have better nonlinear optical response and can be chosen as ideal candidates with high prospects of applications in nonlinear optics [27] .
There are no detailed studies on the nonlinear optical characterization of Ox/PS-PMMA films or other kinds of dyes, but comparing with ZnO/PMMA-PS films [27] , (χ 3 ) of Ox/PMMA-PS films is the highest and the transmittance minimum of the two photon absorption curve is the lowest which highlights the better optical limiting efficiency of the latter compared to the former one.
Conclusion
Nonlinear optical properties (the third-order nonlinear refractive index n2, the nonlinear absorption coefficient β2,and third order susceptibility χ (3) of Oxazine doped films with PMMA, PS and their blend were investigated by Z-scan technique by using cw diode laser at 650 nm and incident intensity I0= 509.6 W/cm 2 . From the open aperture Z-scan curve the observed nonlinearity for the three films Ox/PMMA,OX/PS and Ox/PMMA-PS is found to be of the third order, as it fits to a two photon absorption process (TPA). It is found that, the ox/PS-PMMA films do exhibit large induced absorption behaviour. The observed dip in the open aperture curve shows the transmittance limiting efficiency of the films which highlights the better optical limiting efficiency compared to Ox/PMMA and Ox/PS. The observed improvements in the nonlinear optical properties of Ox/PS-PMMA films compared to Ox/PS and Ox/PMMA films can be associated with the formation of an interpenetrating network (IPN) of PS and PMMA in the PS-PMMA polymer blend. Closed aperture z-scan indicates to negative refractive index is attributed to a thermal nonlinearity resulting from the absorption of radiation at 650 nm. The observed higher nonlinear susceptibility of Ox/PS-PMMA films (Higher n2 and β2) measured by the Z-scan technique, compared to both Ox/PS and Ox/PMMA films, establishes the fact that the Ox/PS-PMMA films have better nonlinear optical response and can be chosen as ideal candidates with high prospects of applications in nonlinear optics.
